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ABSTRACT

This report discusses further the concept and utility of the

. diffusion length. An example is given of its application to the

solution for electric field strength at breakdown. Close to break-
down threshold, the diffusion length varies rapidly, further increas-
ing the sensitivity of breakdown to pulse lengtn. This 1s 1llustrated

in terms of percent ''ocver-voltage".
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Figure 1
Figure 2
Figure 3

LIST OF ILLUSIRAT IJONS

Graphical Solution of Non-uniform Breakdown Problem
Diffuslion Length in Air Filled Rectangular Wavegulde
The Effect of Percent Over-voltage on Pulse Length

it SR il b

e i WK




+ 4 = o o AT

P

t----l--uF

]

]

PRt |

| JEp—

O

PURPOSE

The purpose of this program is to study the various effects
in waveguide systems which lead to fallures at ultra~-high power
levels where high average as well as high peak power become limit-
ing factors. Ultimately a handbook will be prepared to serve as a
guide for system's engineers. T¢ achleve the objectives of the
program a survey is being made of organizations using ultra-high
powers further analysis and theory is being carried out, and

gxperiments are being performed.
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INTRODUCT ION

In the previous reports, information has been presented for the
revised handbock. 0Une addition tc the handbook will be the relation-
ship of the diffusion length to treakdown under non-uniform field
conditions. In the last report the use of the diffusion length was
discussed.

One subject of the present report 1s that of obtaining the value
of the electric field strength to pressure, E/p, when Jﬁveguide d1i-
mensions and pressure are given. The other subject of this report
is a discussion of the influence of the non-uniformiiy of the field
on breakdown near threshold under short pulse conditions. The dif-
fusion length enters through its relationship to tze non-uniformity

of the field.
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DETAILED FACTUAL INFORMATION

Component Jesting

The high power measurements on components has been delayed by
the lack of high power windows required to isclate the component
under test. Part of the delay was also due to the need to shift

the experiment to § band frequencies. Recently we have obtalned

several high power windows and expect to proceed with the measure-

ments.

Diffusion Lengths
The meaning and use of the diffusion length was briefly dis-

cussed in the previous progress repvort. In one type of problem
discusséd the ratio of electric fileld strength to pressure, E/p, is
sought when the wavegulde dimensions and pressure are given. Since
the diffusion length is generally a function of the unknown quantity
E/p (see Figure la) there 1is no direct method for ascertaining its
value. Therefore as a first approximation the value of diffusion
length is assumed to be that corresponding to a uniform electron

production in the volume.
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for rectangular waveguide.
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With this first approximation for pA, a value for E/p is obtained
from the universal breakdown curve (see Figure 1b). With this value
of E/p a new value of A is obtained from Figure la. Now use this
second value of A to compute pA for use in Figure 1b. Thus a second
value 1s obtained for E/p. This procedure is repeated until E/p
converges to a particular value. The initial value of E/p corres-
ponds to that for breakdown under uniform field conditions. The
final value of E/p 1s generally grester and accounts for the non-
uniformity of the electric field,

The diffusion length is indicative of the rate 0f loss of elec-

o

trons by diffusion.g Wnen the diffusion length is small, the rate of

[ ]
diffusion 1s generally large. Thq{efore, tne smaller the diffusion
length, the slower 1s the rate of build wup of slectiron dersity; this
means a longer time would be required for breakdown. Under shors
pulse conditicns the rate of electron bulld up can be low enough so
that breakdown will rot occur. Under nen-uniform f£ield conditions,
because the lonizetion region becomes small near threshold value cof
E/p, the diffusion lengtn alsc becocmes small near thresnhold (see
Figure 2). This raises the velue of E/p reguired for breakdown and
may be referred to as "diffusion contrclled" tnreshold. This Is
illustrated in Figure 2 by a rplot of percent "over-voltage" [the
threshold value of (E/p) equals 31.5 for air] for breaxdown in rec-
tangular waveguide as a function of prt with pb as a parameter. It is

convenient to present the information in terms of the normalized

quantities E/p, pb, and pt. The effect of the uniformity <f the field
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is also shown for a particular value of pb. The breakdown fleld Tor

the non-uniform case is seen tc be larger than the uniform case (dasned

curve 1n Figure 3). Under pulsed cornditions close to threshold, the
non-uniformity is seen to lead tc a larger pualse length for breakdown
than for the uniform case. The variation of A with E/p is taken into
account in the graph. Close to thresnold or close to "diffusion con-
trolled" threshocld the pulse length alsc becomes very sensitive tc¢
amplitude variaticns. With reference to Figure 3, the pulse width
for breakdown varies rapldly with percent over-voltage. The closer
to thresheld, the more rapid 1s the variation.

Tnis discussion has polinted cut that the non-uniformity in elec-
tric fleld in a waveguide contributes to a repid variatiorn in the
pulse length required fcr breaxdowrn near thresncld.

Handtook Preparation

4dditional graphs are being prepered for the randbcok as nes been

described in the earlier reports.
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CONCLUSIONS

By using the universal breakdown curve and a knowledge of the
diffusion length the value of electric field strength can be deter-
mined. However, as the diffusiorn length 1s not known exactly for
nor-uniform conditions, a method of successlive approximations is
necessary for obtaining the value of E/p.

Under pulsed condlticns the non-uniformity in electric field in
a wavegulide contriobutes to the rapid variation ir pulse length re-

quired for breakdown nesr trresnold. Thus tne pulse lengin tecome

w

larger under rorn-uniform conditions ther Zor comparable unifcrm field

cases.
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PLANS FOR THE NEXT INTERVAL

In the next interval final cavity measurements over a wide range

Ly ey Y B A S

of pressures should be completed for air, SF, anrd Ffreon 1l2. Also, the
-

testing of compeorents will be carried out in S-band instead of C-band.

Cope TR e

The draft for the handtook will be prepared. 1
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b) UNIVERSAL BREAKDOWN CURVE

FIGURE !
GRAPHICAL SOLUTION OF NON-UNIFORM
BREAKDOWN PROBLEM




T T T R TR N ey e

] op

[ PRI |
« .

I el badinni)
" L]

™ ) 1 camd
. ]

1 avad

Yilimad

oy

]
e

'

1

A/A,

"~ 7 FIGURE 2
DIFFUSION LENGTH

~ IN AIR FILLED RECTANGULAR WAVEGUIDE
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